Abstract: For sports medicine specialists, patients presenting with multiple coexisting knee pathologies can be some of the most difficult to treat patients, especially those with cartilage pathology. In particular, articular cartilage lesions are often incidental findings, and the decision to treat patients must be based on the lesions' confirmed contribution to patient symptomatology. The combination of malalignment, ligamentous instability, and chondral/meniscal damage in patients is challenging to treat because of the difficulty in determining both the relative contribution of each of the pathologies to patient clinical condition and the timing of performing specific corrective procedures. Corrective operations performed in isolation to treat each of the pathologies have historically produced reasonable results in patients; however, combined procedures for treatment of combined pathologies may prove essential for the success of any single procedure. This review describes the clinical evaluation of patients with multiple coexisting knee pathologies and highlights current evidence-based treatment strategies for the management of these combined disorders.
Introduction
Knee pain in the young athletic patient population can be a challenging presentation to workup and treat because these patients often present with multiple complaints at the index clinic visit that may all be related to a single underlying diagnosis or, more commonly, to a variety of etiologies. Examples of common coexisting knee pathologies in young and active patients include meniscal deficiency, malalignment, chondral defect, and ligamentous instability. One of the main challenges in young and active patients is determining which of the multiple coexisting pathologies need to be treated and which pathologies can be left alone. For example, some articular chondral defects in patients may be incidental findings on either advanced imaging studies or arthroscopy; deciding to treat disorders must be based on the confirmed contribution of each finding to patient symptomatology.
The combination of multiple knee pathologies presents multiple challenges for both patients and sports medicine specialists. 1 First, clinicians must establish the lesion or lesions contributing to the presenting symptoms. Next, clinicians determine which patient pathologies should be surgically addressed. If . 2 pathologies require treatment, surgeons consider either staged or combined procedures; if combined, the order of each procedure should be specified. Corrective procedures for each of the pathologies performed in isolation have historically produced adequate results in patients; however, combined procedures to treat multiple coexisting pathologies may prove essential for the success of any single procedure in patients. 1, 2 Although the literature provides some foundation for understanding patients with complex knee pathologies and the challenging decision-making process, no consensus has been reached within the sports medicine community regarding the optimal treatment options for these patients. Consideration of both patient-specific (ie, age, activity level, etc) and diseasespecific factors are necessary for surgical decision-making. Additionally, patient expectations should be discussed before any surgical intervention, especially in situations of revision surgery and salvage procedures. For appropriately indicated patients with multiple knee problems, a variety of surgical treatments are available and often performed in combination. The majority of these procedures can be performed arthroscopically or through arthroscopic-assisted minimally-invasive techniques. Meniscal pathology can be treated arthroscopically with debridement, direct repair, or meniscus allograft transplantation (MAT). Ligamentous patient pathologies, including acute and/or chronic anterior cruciate ligament (ACL) and posterior cruciate ligament insufficiency, can be treated with reconstruction. Medial and/or lateral collateral ligament and posterolateral corner injuries can be treated with direct repair or reconstruction, depending on the specific injury. Focal articular cartilage defects in patients ( Figure 1 ) can be treated with multiple procedures, including debridement, microfracture (Figure 2 ), autologous chondrocyte implantation (ACI), and osteochondral autograft/allograft transplantation ( Figure 3 ). Lastly, medial compartment chondral damage with varus malalignment can be treated with a high tibial osteotomy (HTO) that unloads the diseased medial compartment, whereas lateral compartment disease with valgus malalignment can be treated with a distal femoral osteotomy (DFO) that unloads the lateral compartment. Recently, HTO was described in multiple studies as being useful in correcting concomitant malalignment in patients undergoing cartilage and/or meniscus surgery in an attempt to unload the diseased compartment. [1] [2] [3] [4] Each of the previously mentioned procedures is relatively straightforward to perform in isolation for experienced surgeons. Although combined procedures are technically considered to be more demanding upon surgeons, performing them can be successfully accomplished with appropriate preoperative planning. Whether performed in isolation or concomitantly, the main challenge of these procedures is proper patient selection. Appropriate indications for surgery are essential when deciding how to treat patients, and clinicians must develop an appreciation for differentiating between symptomatic and incidental lesions.
Pathophysiology
To properly evaluate and treat patients with multiple coexisting knee problems, it is critical to understand each of the underlying pathologies individually and to determine the effect each one has on the otherwise healthy structures within the knee. For example, patients who present with multiple coexisting knee pathologies often have underlying meniscal deficiency. Although meniscal deficiency may be the direct result of a traumatic injury, meniscal deficiency is often attributed to a previous partial or subtotal meniscectomy in patients with complex knee problems. Meniscectomy is one of the most common procedures performed in orthopedic surgery. 5 The operation is safe, minimally invasive, and typically produces satisfactory outcomes in the majority of patients, especially in patients who want a quick return to activity. Nevertheless, removal of even part of the meniscus can be problematic for patients. Subtotal meniscectomy has been shown to decrease joint contact area 6 and increase peak stress within the joint, which together place more demand on the articular cartilage. 6 Following subtotal or total meniscectomy, there is a 14-times increased relative risk of patients developing unicompartmental arthritis. [7] [8] [9] Furthermore, multiple studies have shown worse outcomes after meniscectomy in patients with risk factors 10, 11 such as young age, chondral damage at time of meniscectomy, ligamentous instability, [12] [13] [14] or tibiofemoral malalignment. Moreover, meniscal repair and transplantation have less favorable patient outcomes when performed on patients with untreated concomitant instability, malalignment, or articular cartilage disease. 1, 4, [15] [16] [17] Articular cartilage disease occurs in patients for a variety of reasons, including mechanical overload, developmental defects, genetic failures, and traumatic impact. Similar to a meniscus injury, knees are more likely to develop degenerative joint disease after the articular cartilage is damaged. Full-thickness articular chondral injuries can be very problematic for patients and cause swelling in the knee, pain at night and at rest, and severe activity-related pain. 18, 19 Further complicating articular cartilage disease is the potential for underlying subchondral bone pathology to alter treatment strategies when present in patients.
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Knee malalignment has become an increasingly recognized risk factor for the development of osteoarthritis in patients. 20 The mechanical axis of the leg (center of femoral head to intercondylar eminence to center of ankle) is different from the weight-bearing axis of the leg (center of femoral head to center of ankle). The anatomic axis of the femur differs from the mechanical axis of the femur, causing the normal anatomic weight-bearing knee axis to be within approximately 5° to 7° of valgus, with approximately 60% of compressive forces transmitted through the medial compartment. Varus malalignment shifts the center of the joint lateral to the mechanical axis, leading to medial tibial cartilage volume and thickness loss, in addition to increasing the tibial and femoral denuded bone. 21 Alternatively, valgus malalignment shifts the center of the knee medial to the mechanical axis, leading to increased lateral-sided forces that are unbalanced. Osteotomy procedures (HTO, DFO) alter the mechanical axis by shifting the load away from the damaged compartment. The pathophysiologic principle of these bony procedures is to change the weight-bearing axis of the joint to avoid rapid and irreversible progression of unicompartmental arthritis.
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Patient Presentation
A patient presenting with combined knee pathologies will not have a straightforward history compared with the typical sports medicine patient who presents with a defined traumatic twisting, pivoting, or instability event. Patients with multiple knee complaints can be very difficult to evaluate, especially at an initial office visit. These patients have often experienced symptoms for such long periods that they are unable to recall specific injuries. Instead, patients may describe vague or nonspecific knee-related complaints. Patients with multiple knee problems have often experienced multiple injuries and/ or surgical procedures. At time of presentation, patients are often unsure if their current symptoms are similar to original symptoms, if they are related to a new injury, or if they are potentially related to a previous surgery.
Patients with such complex combined knee pathologies will typically complain of unicompartmental knee pain, although some may have involvement of 2 or all 3 compartments. Some symptoms may be chronic, as detrimental effects from any single pathology on other structures within the knee often materialize over time, whereas other symptoms may be more acute. Determining whether the symptoms are acute or chronic is at the core of the complexity of treating patients with multiple knee pathologies. Additionally, it can be difficult to understand which pathology is responsible for the presenting symptoms at any given time, as many of these patients present after undergoing prior unsuccessful surgical interventions for pathologies that were actually asymptomatic. Patient complaints such as intermittent pain, swelling, and rest/night pain are commonly seen in articular cartilage injuries and malalignment. Mechanical symptoms, such as clicking, locking, and catching, are more common in meniscal pathology. The sensation of instability is most often seen with ligamentous injuries, whereas joint line pain may be experienced in any of the previously described situations.
Physical Examination
Patients presenting with knee pain should undergo a standard physical examination of both lower extremities. All patients should undergo leg-length and gait assessment, because these findings may have significant implications for surgical planning. Examinations should always include a visual inspection, including evaluation of the overall alignment and presence of genu valgum or genu varum. Any prior surgical scars should be discussed with patients and documented.
After the visual inspection, standard physical examinations will also include palpation, range of motion testing, strength assessment, vascular status assessment, flexibility assessment, evaluation of the patella, and provocative testing, including stability testing. When palpating, clinicians should evaluate patients for specific joint-line tenderness and crepitation. Range of motion testing in the hips and knees should be performed, which should be relatively preserved in the young and active patient population. However, patients who have undergone previous surgeries may have residual stiffness, which should be documented before any procedures begin. Strength should be assessed in both legs, with a specific focus on quadriceps, hamstring, and core strength; side-to-side differences should be noted. Patients will benefit occasionally from presurgical physical therapy in an effort to augment any substantial deficits. A distal neurovascular examination of patients should also be performed, including assessment for excessive lower extremity edema and palpation of the dorsalis pedis and posterior tibialis pulses. Patellar examination, complete with assessment of patellar tilt, apprehension, and crepitus should be performed. Patients should be assessed for presence of the J sign, which is indicative of lateral patellar tracking (as knee is extended from 90° of flexion, the patella will deviate laterally at full extension). Both the static and dynamic Q angle should be assessed for each knee, however it should be noted that this measurement can be poorly reproducible. 25 Lastly, patients should undergo special tests including provocative and stability testing maneuvers. Tests for ACL integrity include the pivot shift, Lachman, and anterior drawer tests, whereas the posterior cruciate ligament can be assessed with the posterior drawer and reverse pivot shift tests. The collateral ligaments can be tested with varus and valgus stress tests, both at full extension and 30° of flexion (to better isolate the collaterals). The McMurrays test can be used to evaluate patients for meniscal pathology. Anteromedial rotary instability should be assessed with the knee at 90° of flexion with the patient supine. In contrast, posterolateral rotary instability should be assessed with the patient prone while applying external rotation to both knees at 30° and 90° of flexion for side-to-side comparison (dial test).
Patients with a unilateral joint effusion are likely to have cartilage pathology, although this physical examination finding is not specific. Patients with tenderness to palpation posterior to the midline of joint line are more likely to have meniscal pathology, whereas patients with tenderness anterior to the midline of the joint may have patellofemoral, chondral, or meniscal (displaced tears) pathologies. Nevertheless, with combined pathologies, symptoms can be difficult to differentiate. Most patients will have preserved strength and range of motion, unless their degenerative disease has progressed to cause weakness and/or stiffness. Multiple prior surgical procedures can also lead to residual stiffness and/or weakness in patients with complex knee pathologies.
Diagnostic Studies
After a complete history and thorough physical examination, all patients with knee pain believed to be related to multiple coexisting knee pathologies should undergo further evaluation with imaging studies. Radiographs are usually the first study patients undergo and several other films should be taken in addition to a standard knee series, including anteriorposterior (AP), lateral, and merchant views of the knee. Other specialized views, including weight-bearing AP in extension; bilateral weight-bearing posterior-anterior at 45° of flexion; and weight-bearing, double stance, long-leg mechanical axis views are appropriate in the workup of patients with potential meniscal, chondral, and/or malalignment-related pathologies. Additionally, sizing radiographs with appropriate magnificent markers for meniscus transplantation and osteochondral allograft transplantation candidates may be necessary.
Advanced imaging, such as magnetic resonance imaging (MRI) or computed tomography, is also useful in evaluating these patients. It is important to remember that not every "abnormality" observed on advanced imaging studies is pathologic; some patients may have incidental findings that are completely asymptomatic. Therefore, it is crucial to evaluate each advanced imaging study and correlate the findings to the patient's specific complaints and symptoms. An extremely useful tool in examining soft tissue integrity is an MRI scan; specific sequences can be used to identify articular cartilage, menisci, ligamentous structures, and other intra-articular structures and pathology in patients. Furthermore, bone marrow edema is best viewed with MRI and can be indicative of unicompartmental overload in patients. Computed tomography scans are useful as adjunctive imaging modalities, especially in patients with previous surgeries (ie, bone tunnels in previous ACL reconstruction). Other imaging modalities, including bone scans, may provide information regarding degenerative activity in the condyles, plateaus, and patella.
Treatment Options Nonoperative
The treatment options for young patients with multiple coexisting knee pathologies vary. Symptomatic control in patients is the common treatment and has been attempted with activity modification and pain medications. Surgical intervention is frequently required to address $ 1 of the underlying pathologies of patients; however, nonoperative treatment options can be attempted for temporary symptom relief. Nonoperative options for patients vary depending on the specific pathology, but can include physical therapy, nonsteroidal anti-inflammatory medications, intra-articular corticosteroid injections, and platelet-rich plasma therapy. Although nonoperative options are usually effective at symptomatic relief, these modalities typically only provide temporary relief for patients with complex knee problems.
Operative Particular attention must be given to surgical indications for the operative management of patients with combined knee pathologies. Treatment should focus only on the pathology that is causing patient symptoms. This is especially important during diagnostic arthroscopy, during which a previously unknown cartilage injury may be detected, but may simply be an incidental finding that is not responsible for any clinical symptoms.
Whether multiple procedures are performed in a staged or combined fashion, they will only be effective in patients with appropriate indications for surgery. Young and active patients are ideal candidates for non-arthroplasty procedures, whereas older, less active patients may benefit from arthroplastybased options. Furthermore, only patients who are able to tolerate and comply with protocols for a potentially long and tedious rehabilitation should be considered for surgery. Addressing patient expectations is crucial because the patient must understand that they will not have a normal knee and that activity restrictions after several of these procedures may exist. Relative contraindications for these procedures are listed in Table 1 .
Surgical approaches for patients with combined knee pathologies depend on the specific pathologies. Treatments may be performed in 1 operative setting, may be staged, or may consist of multiple combinations of individual procedures ( Table 2) . As previously described, corrective procedures for each of these pathologies performed in isolation have historically produced adequate results in patients, whereas combined procedures may improve the success of any single procedure.
1,2 Potential patient advantages to undergoing staged procedures include a shorter operative time and potentially easier recovery periods. Conversely, staged procedures require multiple operations, which also include anesthesia-associated risks and the need for multiple separate recoveries. A single surgery with multiple concomitant procedures is advantageous for patients because it is 1 procedure and 1 course of anesthesia; however, disadvantages include increased surgical time and the potential for more patient complications. The following treatment section focuses on less commonly encountered clinically complex patient presentations.
Treatment Options for Uncommon Pathologies Malalignment With Chondral or Meniscal Defect
High tibial osteotomy 26, 27 procedures treat varus malalignment by decreasing the biomechanical load in the medial knee compartment of patients. Similarly, DFO procedures treat valgus malalignment by decreasing the biomechanical load in the lateral compartment of patients. Osteotomy procedures are preferable in the young patient population when properly indicated, especially when compared with less desirable alternative options such as arthroplasty. Partial or total knee arthroplasty (TKA) is not ideal in young and active patients because running and impact activities are not recommended after arthroplasty; however, these activities are permitted after HTO. In fact, pending other concomitant knee pathologies and corrective surgeries, there are no major activity restrictions on patients after they undergo HTO. Additionally, HTO procedures use newer techniques and instrumentation, such as locking plates with variable screw angles that have improved fixation, and have good to excellent early postoperative results with high levels of patient satisfaction. 28, 29 Furthermore, recent literature suggests that there is no difference in clinical outcomes after TKA in patients with previous HTO. [30] [31] [32] [33] Cartilage restoration procedures performed in isolation in the presence of tibiofemoral malalignment may have worse patient outcomes and higher failure rates because of mechanical overload of the repaired tissue. Alignment correcting procedures, such as HTO, may unload the damaged compartment enough to facilitate patient healing and protect the cartilage and/or meniscal restorative procedure being performed. Similarly, osteotomy procedures are becoming increasingly popular treatments for patients otherwise contraindicated for meniscal and/or chondral reconstructive procedures because of malalignment.
1 Recent studies have shown that patients with uncorrected varus malalignment do not achieve optimal outcomes with cartilage restorative procedures 34, 35 ; additionally, both biomechanical and clinical studies have shown the benefits of restoring alignment before or concomitant with cartilage restoration procedures. Osteotomy procedures are not appropriate for every patient, even in cases of significant malalignment. Relative contraindications to HTO include multicompartmental degenerative disease; even mild lateral compartment disease at the time of HTO can be detrimental to the success of the procedure, because the lateral compartment will be forced to sustain substantially higher contact pressures postoperatively. Similarly, patellofemoral compartment disease is a relative contraindication for treating patients with osteotomy procedures; if HTO is the procedure of choice, it may be possible to concomitantly perform a Maquet (anterior) or Fulkerson (anteromedial) tibial tubercle osteotomy to treat the patellofemoral disease. Other relative contraindications to HTO include lateral meniscus deficiency, inflammatory arthritis, and patients unwilling to comply with the prescribed rehabilitation after the procedure.
Although encouraging patient results with HTO have been reported, other authors have reported less than ideal long-term patient outcomes. [47] [48] [49] [50] [51] In addition to forcing increased weight-bearing load onto the noninvolved knee compartments, the results observed in patients who underwent HTO progressively worsen over time. In contrast, medium to long-term arthroplasty results in patients are excellent. 47 Following HTO, Coventry et al 48 reported a 10-year survival rate of 63% in patient knees with 5° of valgus angulation. The authors noted improved results in patients with greater degrees of correction, and significantly worse results in overweight patients. More recently, Efe et al 49 reported the outcomes of 199 patients undergoing closing wedge HTO and described an 84% postoperative survivorship at 9.6 years with good or excellent knee function outcomes in 64% of patients. A second finding of note was that 36 HTOs (18%) underwent by patients were ultimately converted to TKA. 49 Specific patient complications [49] [50] [51] after HTO include loss of correction, lateral cortex fracture, thromboembolic disease, delayed union, nonunion, painful hardware, infection, and neurovascular damage.
Malalignment With Ligamentous Instability
Underlying malalignment as a cause for failed ACL reconstruction has been well studied in the literature. [52] [53] [54] Patient malalignment and medial compartment overload should be considered a factor that leads to failure of the initial ACL reconstruction. Malalignment of the tibia, and thus an abnormal mechanical axis of the leg, may place excessive force across a newly reconstructed ACL graft, leading to attritional failure in patients; correcting the weight-bearing axis with HTO before or during the ACL revision may be an appropriate method to prevent failure in patients. In patients with ACL deficiency, it may also be beneficial to decrease the tibial slope by placing the osteotomy plate more posterior along the tibia. 55 
Meniscal Defect With Femoral Condylar Cartilage Defect
The biomechanical and functional relationship between the meniscus and femoral articular cartilage is complex and damage to one of these structures is often associated with damage to the other. Unicompartmental arthritis of the involved compartment is a known outcome in # 70% of patients following near-total meniscectomy and carries a relative risk # 14-times higher for patients than matched controls. [6] [7] [8] [9] Even partial meniscectomy can significantly increase tibiofemoral contact pressures, particularly in the lateral compartment. 56 Treatment options for isolated meniscal pathology are outlined in Table 2 . Meniscus allograft transplantation is indicated for patients who are symptomatic in the ipsilateral compartment after previous subtotal meniscectomy. A variety of transplantation techniques have been described as treatments for patients, including the bridge-inslot technique, bone-plug technique, dovetail technique, and free-end technique. 57, 58 With regard to focal chondral defects, several surgical techniques for articular cartilage disease are available to patients ( Table 2 ). The most important treatment consideration is whether or not the lesion is responsible for the symptoms being exhibited in patients. Incidental findings in patients, whether found on MRI or diagnostic arthroscopy, should not be surgically addressed. For lesions deemed appropriate for surgical intervention, treatment options vary and the appropriate choice must be specific to the patient and the defect. Arthroscopic debridement is usually the first-line arthroscopic approach for small articular cartilage defects in patients. This technique is simply palliative in nature, and patients should be counseled that their symptoms may recur over time. Reparative procedures include ACI and microfracture, which is a marrow-stimulating technique ideal for small (, 2 cm 2 ) unipolar lesions. Microfracture is highly dependent on appropriate technical execution, including the creation of vertical walls to contain the resultant mesenchymal stem cell clot that attempts to fill in the full-thickness chondral defect with fibrocartilage. With an appropriately employed surgical technique, highly successful long-term outcomes have been reported in patients, in some cases reaching . 20 years. 59, 60 Similar to microfracture, ACI and matrix-induced ACI are reparative procedures with the goal of creating new cartilage to fill the articular defect in patients. This technique is employed in 2 separate stages, with the first stage involving a biopsy of the patient's articular cartilage. After 4 to 6 weeks of processing and exponential growth in the laboratory, the second stage involves implanting the patient's own articular cartilage cells into the defect and securing them with a periosteal flap or collagen membrane. These procedures are best for large condylar lesions (. 4 cm 2 ) or patellar lesions without significant bony involvement.
Cartilage reconstructive procedures, including osteochondral autograft transfer (OATS) and osteochondral allograft transplantation, are surgical options for medium to large articular cartilage lesions (2-4 cm 2 ). The OATS procedure is usually reserved for patients who have medium-sized lesions that can be adequately filled with 1 or 2 donor site plugs taken from the non-weight-bearing region of the ipsilateral knee and transferred to the damaged area. Reconstructive procedures are preferred in cases of patients with non-contained defects, or defects associated with significant bony loss or subchondral edema in addition to the chondral disease. 4, 18, 61 Osteochondral allograft transplantation takes osteoarticular plugs from fresh or prolonged fresh size-matched hemicondyle cadaveric donors and transplants them into the patient defect. Allograft transplantation is preferred in cases of combined procedures because the autograft harvest and subsequent transfer may add further injury to the knee. Allograft transplantation allows surgeons to specifically size-match the donor plug to the patient defect size and also allows for decreased surgical time (no harvest needed). Disadvantages of this procedure include the potential risk, although it is extremely low, of disease transmission and the higher associated cost. Additionally, allograft tissue is not always immediately available; therefore, patients may need to wait to undergo allograft transplantation until a suitable match is found. Many options exist for patients with articular chondral defects. While each patient must be evaluated on a case-bycase basis, several recommendations for specific cartilage defects and clinical scenarios are outlined in Table 3 . In general, patients who have osteochondral lesions with underlying bone marrow edema or lesions that have otherwise failed prior cartilage restoration procedures should undergo osteochondral allograft transplantation. New techniques in articular cartilage repair are currently being investigated, including the transplantation of particulated articular cartilage autograft, as well as the transplantation of particulated articular cartilage from juvenile allograft donors. [62] [63] [64] [65] [66] Although the basic science is promising and early clinical outcomes in patients are encouraging, larger clinical studies with longer follow-up periods are necessary before these techniques can be recommended to treat any specific cartilage defect.
Terrible Triad: Meniscal Deficiency, Chondral Defect, and Malalignment
Perhaps the most challenging clinical situation in the context of articular cartilage surgery is the triad of meniscal deficiency, articular chondral defect, and malalignment. Historically, patients who are meniscal-deficient and may benefit substantially from meniscal allograft transplantation have been contraindicated for this procedure if they are known to have a concomitant full-thickness chondral defect on the ipsilateral side. 67 Even if both the meniscal deficiency and chondral defects are addressed concomitantly (single or staged approaches), a subset of patients will continue to have diminished outcomes because of malalignment and the resulting continuous overload of the newly reconstructed compartment. However, encouraging outcomes have been reported recently in a subset of patients undergoing concomitant MAT, cartilage restoration, and realigning osteotomy. 1, 2 There are several factors that should be taken into consideration with regard to the surgical technique and the appropriate order of procedures including staged versus concomitant procedures (Table 4) . Of utmost importance is patient counseling, including a detailed discussion of expectations and desired postoperative activity level. The majority of patients with these 3 pathologies has undergone multiple previous operations, and must understand that these complex procedures are essentially salvage operations; the ultimate goal is to provide symptom relief and restore function.
Meniscal Deficiency or Chondral Defect With Ligamentous Deficiency
One challenging and commonly encountered clinical situation involves finding a chondral lesion at the time of surgery in patients who are undergoing planned ligamentous reconstruction. The key to handling these cases is to determine whether a cartilage lesion found at the time of ligament reconstruction (for example a small, isolated, full-thickness medial femoral chondral defect noted arthroscopically during a planned ACL reconstruction) is symptomatic or an incidental finding. In the acutely ligamentously injured knee, chondral defects are rarely treated with more than simple debridement or microfracture; it is considered appropriate to reconstruct the ligament and observe the newly discovered chondral lesion without any further treatment. It is possible that the patient may be completely pain and symptom free after appropriate rehabilitation for the ligament reconstruction, despite the presence of a known chondral defect. More challenging cases occur when a significant amount of time lapses between ACL injury and reconstruction because both the frequency [68] [69] [70] and severity or pain of meniscal and chondral injury 69, 71, 72 increase when surgical treatment is delayed. In the setting of chronic ACL deficiency and medial meniscus tear in patients, biomechanical evidence indicates that meniscus repair improves AP tibial translation and overall rotatory stability of the joint. 73 Similarly, in chronically ligament-deficient patients with a concomitant chondral lesion, it is more likely that addressing both the ligament and cartilage defect will improve pain and functional outcomes.
Timing is extremely important in this specific patient cohort, and the chronicity of the tear in conjunction with the patient's symptoms will dictate which meniscus and/ or cartilage lesions are appropriate for surgical treatment. In the specific case of combined ligamentous reconstruction and MAT, specific attention must be paid to the order and employment of surgical steps. For example, in cases of medial MAT, the tibial bone tunnel should be made as obliquely as possible when entering the lateral aspect of the tibial footprint in order to avoid interfering with the slot for the MAT bone bridge. After the MAT is complete, the ACL graft should then be passed and fixated on the femoral side. Any articular cartilage work (osteochondral allograft transplantation) should be performed by a medial or lateral • Inside-out repair using vertical mattress sutures; sutures are tied in extension 3. Realigning osteotomy:
• Performed after MAT to protect osteotomy from the abduction/ adduction movements required during meniscus transplantation 4. Midline incision followed by medial vastus sparing or lateral parapatellar arthrotomy, followed by fresh osteochondral allograft transplantation • Performed last to protect the fresh articular cartilage from the other procedures 1. Longitudinal midline incision followed by lateral parapatellar arthrotomy 2. Tibial tubercle osteotomy is performed first; fixation with 2 cortical screws (4.5 mm) 3. If associated MPFL reconstruction is performed, 2 patellar holes (5-mm) drilled to a depth of 20 mm • Hamstring allograft is fixed with 2 swivel-lock anchors.
• Other end of the graft is passed through a 7-mm hole through the MPFL origin in femur • Fixation is on the femoral side in final step (after ACI) 4. Patella is everted; ACI procedure is performed 5. Finally, fixation and tensioning of the MPFL graft on the femoral side is performed arthrotomy. Finally, the ACL should undergo fixation on the tibial side.
Outcomes
Encouraging patient outcomes have been reported after the performance of isolated procedures such as osteotomies for malalignment, 27, 48, [74] [75] [76] [77] [78] ACL reconstruction for ligamentous instability, 12, 13, [79] [80] [81] cartilage restoration for chondral disease, [82] [83] [84] and meniscus repair/transplantation for meniscal disease. [15] [16] [17] 19, [85] [86] [87] When considering concomitant treatment for combined lesions, the reported patient outcomes are not as consistent. As the number of knee pathologies increase, positive patient outcomes are generally diminished irrespective of the treatment used. Central to the complexity of these clinical challenges is that each of these conditions are essentially interrelated. 61 For example, chondral disease can be caused by malalignment, which leads to excessive stress on articular cartilage and meniscal pathology.
A limited number of patient outcome studies for combined procedures are available, which makes it difficult to draw definitive conclusions about the success of these procedures (Table 5) . 1, 3, 4, 46, 85, 88 The majority of studies reporting on patient outcomes after procedures involving articular cartilage repair are often low-level cohort studies without control groups or randomization, which causes the results to be difficult to interpret correctly. 89 A recent systematic review by Harris et al 2 analyzed clinical outcomes in patients undergoing combined MAT with cartilage repair or restoration. Out of the 6 studies included in the review, 110 patients underwent MAT and either ACI (n = 73), osteochondral allograft transplantation (n = 20), OATS (n = 17), or microfracture (n = 3). A total of 33% of patients underwent additional concomitant procedures including HTO, DFO, ligament reconstruction, or hardware removal. The authors noted improved patient outcomes in combined procedures compared with isolated surgery in 4 of the 6 studies. Overall, 12% of patients were considered failures and required revision surgery. Interestingly, 85% of these failures were observed to be related to the meniscus procedure compared with the cartilage procedure. 
Summary
The interrelationship between malalignment, meniscus pathology, articular cartilage disease, and instability is complex. Successful operative intervention relies on appropriate patient selection. Determining the etiology of symptoms can be especially difficult in patients with multiple pathologies; however, a concerted effort against treating incidental lesions must be employed. Current biomechanical and clinical studies suggest a role for combined surgical procedures (either single or staged) to treat patients with complex pathologies, but further long-term studies are needed to determine if these results stand over time.
